~" Theoretically, if arterial hypertension plays a role in aneurysm formation, it might also be associated with a higher incidence of multiple aneurysms as compared to their occurrence in normotensive patients. In an unselected series of 737 aneurysm patients, the structure of dependence between 1) number of aneurysms, 2) patients' sex, 3) patients' age, and 4) the presence or absence of hypertension was analyzed using contingencytable analysis, Evidence of arterial hypertension was determined by means of three complementary criteria of hypertension. A significant mutual state of dependence was demonstrated between the presence or absence of hypertension and the number of aneurysms, and between number of aneurysms and sex of the patient. In addition, for patients with a given number of aneurysms, the action of gender was independent of the blood pressure level. No interaction between the age of the patient and the number of aneurysms could be demonstrated. In order to quantify the relative contribution of the patients' sex, the patients' age, and the presence of hypertension to multiplicity of aneurysms, a probability model for multiplicity of aneurysms was estimated by logistic-regression analysis. It was demonstrated that the most important factor explaining multiplicity was the presence of hypertension, whereas the age of the patient had no influence. A "pure" effect of gender was revealed, indicating that females are significantly more susceptible to aneurysm formation, even in cases without arterial hypertension.
T HE pathogenesis of intracranial saccular aneurysms still remains obscure. It has been suggested that congenital and/or degenerative changes of the arterial wall are involved. 34 Factors aggravating degenerative changes of the arterial wall include arteriosclerosis and arterial hypertension. In experimental animals it has been clearly demonstrated that high blood pressure influences the development of intracranial saccular aneurysms) 5 In clinical studies, however, conflicting findings have been reported concerning the relationship of arterial hypertension to intracranial aneurysms. 6, 21, 26, 34, 37 ,4~ This may be due to the heterogeneous and uncertain criteria used to define hypertension, and to the study design. Since the presence of arterial hypertension tends to be associated with a poorer prognosis and a higher mortality rate in cases of subarachnoid hemorrhage, 4a3 '22,23 '39 estimates of hypertension will be disproportionately high when they rely only upon autopsy findings.
During the acute phase following aneurysm rupture, high sphygmomanometric readings cannot usually be accepted as evidence of arterial hypertension. TM Moreover, the actual incidence of preexisting hypertension in patients with subarachnoid hemorrhage of aneurysmal origin is difficult to assess, chiefly because arterial hypertension often remains undetected in many truly hypertensive individuals) 6'32'35'36 Therefore, it seems unsuitable simply to compare the prevalence of hypertension in an aneurysm population with that in different population samples. An alternative approach to evaluating the significance of arterial hypertension as a cause of intracranial aneurysms is to investigate whether an association exists between hypertension and the number of aneurysms. Theoretically, if arterial hypertension plays any role in the pathogenesis of aneurysms, it might also be associated with a higher incidence of multiple aneurysms as compared to their occurrence in normotensive patients. In the present study, the association between the number of aneurysms and the presence of arterial hypertension was analyzed retrospectively in an unselected series o f patients using the same criteria of hypertension.
Clinical Material and M e t h o d s

Patient Population
During the period from April, 1971, to March, 1983, 748 patients with verified intracranial saccular aneurysms were admitted to the Department o f Neurosurgery, Aarhus Kommunehospital. The aneurysms were demonstrated at angiography, surgery, a n d / o r postmortem examination. In 56 patients the aneurysms were identified solely at postmortem examination. A total of 919 aneurysms were demonstrated (Table 1) . In 133 (17.8%) of the 748 patients more than one aneurysm was found. Only five patients had four or more aneurysms; they were excluded from further analysis because o f the small n u m b e r of cases.
Presence or absence of hypertension was assessed in the 743 remaining patients. Patients were considered hypertensive if at least one of the following criteria was fulfilled: 
Statistical Methods"
Comparisons between population features and clinical variables were performed using chi-square analysis. In order to specify the structure of dependence between 1) the n u m b e r o f aneurysms (single or multiple), 2) patients' sex, 3) patients' age, and 4) the presence or absence o f arterial hypertension, a contingency-table analysis was performedJ'J2 To further specify and quantify the contribution o f patients' sex and age, the presence of arterial hypertension, and the possible interaction of these factors in the explanation of multiplicity of aneurysms, a probability model for multiplicity of aneurysms was estimated using multiple logistic-regres- 96 equals a significance limit at the 5% level, and 2.58 equals a significance limit at the 1% level.
Results
Patient Population
The age and sex distributions o f the 737 aneurysm patients appear in Fig. 1 . There were 291 males (39.5%) and 446 females (60.5%). The n u m b e r of cases with one, two, or three aneurysms are given in Table 2 according to age and sex. Cases with two and three aneurysms were more than two times as frequent in females as in males.
Evidence of arterial hypertension was considered present in 181 patients (24.6%) in this series, 24.7% of males and 24.4% o f females. The combinations of the criteria of arterial hypertension (that is, I, II, and III) in these 181 patients are shown in Table 3 . There was no difference in the prevalence o f hypertension regardless o f whether the aneurysms were unruptured (four of 18 cases, or 22.2%) or ruptured (177 o f 719 cases, or 24.6%), and pooled numbers were used in the further calculations.
Hypertension prior to admission (criterion I) was found in 72 (11.8%) o f the 611 patients with a single aneurysm, and in 32 (25.4%) o f the 126 patients harboring two or three aneurysms (x 2 = 15.9, df = 1, p < 0.0001). Thus, altogether, 104 patients (14.1%) fulfilled this criterion. The age distribution o f these patients appears in Table 4 .
Ninety-three patients (12.6%) had a persistent elevation o f blood pressure (> 145/95 m m Hg) and signs o f left ventricular hypertrophy on E K G recordings during the hospital stay (criterion II). Sixty-one (10%) o f the 611 patients with a single aneurysm were considered hypertensive using this criterion, as were 32 (25.4%) o f the 126 patients with two or three aneurysms (• = 22.5, d f = 1, p < 0.0001).
P o s t m o r t e m examination o f the heart was conducted in 233 (67.7%) o f the 344 fatal aneurysm cases. Left ventricular hypertrophy, taken as an indication o f longstanding arterial hypertension, was present in 84 (36.1%) of these patients (criterion IlI). Left ventricular hypertrophy was demonstrated in 54 (31.0%) o f the examined patients with one aneurysm. In patients harboring two and three aneurysms, left ventricular hypertrophy was shown in 23 (54.8%) and seven (100%), respectively (x 2 = 20.1, df ---2, p < 0.0001) (Fig. 2) . In the total series, cardiac hypertrophy was detected in 8.8% o f cases with one aneurysm, 21.9% o f cases with two aneurysms, and 33.3% o f cases with three aneurysms. P o s t m o r t e m examination o f the heart was performed in 40 patients with hypertension (> 145/95 m m Hg) during hospitalization and with left ventricle hypertrophy. In only one o f these patients were the sustained elevated blood pressure and signs o f left ventricular hypertrophy on E K G not accompanied by a left ventricular wall thickness greater than 15 m m . Table 2 ). Table 3 and text. The percentages shown are calculated from the total cases in each age and aneurysm group (see Table 2 ).
The age distribution of the 181 patients considered hypertensive according to all three complementary criteria of arterial hypertension appears in Table 5 . There was evidence of arterial hypertension in 129 patients (21.1%) of the 611 patients with one aneurysm. In those patients harboring two and three aneurysms, hypertension was recorded in 41 (39.0%) and 1 1 (52.4%), respectively (x 2 = 24.6, df = 2, p < 0.0001) (Fig. 2) .
Contingency-Table and Logistic-Regression Analyses
The contingency-table analysis of the possible interrelationship between the number of aneurysms, patients' sex, patients' age, and the presence or absence of arterial hypertension revealed no second-or thirdorder interactions. The final model (likelihood ratio statistic = 24.98, df = 20, 0.20 < p < 0.25), which includes three first-order interactions, can graphically be represented as follows: l~ or absence of arterial hypertension, and between the presence or absence of arterial hypertension and the number of aneurysms. Furthermore, an interaction was revealed between the number of aneurysms and the patients' sex. No interaction between the age of the patient and the number of aneurysms could be demonstrated. Thus, two factors --gender and the presence or absence of arterial hypertension --apparently have a direct influence on the number of aneurysms. In addition, for patients with a given number of aneurysms, the effect of gender is independent of whether the patients are hypertensive or normotensive. In order to further specify and quantify the relative contribution of sex, age, and the presence of hypertension to multiplicity of aneurysms, a probability model for multiplicity of aneurysms was estimated using logistic-regression analysis, where the explanatory variables were gender, age, the presence or absence of hypertension, and all first-and second-order interactions of these factors. The stepwise procedure of likelihood ratio tests gave the following final model (likelihood ratio statistic = 17.3, df --13, 0.15 < p < 0.20): p In =/3o + r + flzS, 1-p where p is the probability that a patient harbors two or three aneurysms given that he or she has at least one. B and S are dummy variables representing the blood pressure (+ 1 = normotension; -1 = hypertension) and sex (+1 = m/de; -1 = female), respectively. The estimated coefficients (/30 of the final model appear in Table 6 . The minus signs of 132 and/32 indicate that the odds for multiple aneurysms compared to a single aneurysm are greater in patients with arterial hypertension and in female patients. It also appears that the most important factor explaining multiplicity of aneurysms is arterial hypertension. In accordance with the contingency-table analysis, the age of the patients had no direct influence on formation of multiple aneurysms.
From the coefficients, the estimated probability of multiple aneurysms in normotensive or hypertensive males and females can be calculated by solving the equation with respect to p ( Table 7 ). It appears that, among aneurysm patients, 10% of the normotensive male population may have more than one aneurysm, whereas in 32% of the hypertensive female patients multiple aneurysms might be expected. In order to evaluate the final model obtained, the relative frequency of multiple aneurysms estimated by the model was compared with the observed relative frequency (Fig. 3) . As shown in that figure, an acceptable fit was obtained.
Discussion
In the present study, no attempts were made to compare the prevalence of arterial hypertension in an unselected group of aneurysm patients with that in the general population. Instead, the association between arterial hypertension and the number of aneurysms was evaluated. A highly significant dependence between arterial hypertension and generation of multiple aneurysms were demonstrated. Furthermore, an increased susceptibility to the formation of multiple aneurysms was demonstrated in females, even without arterial hypertension.
Evidence of arterial hypertension was determined by using three complementary criteria of arterial hypertension. They are all subject to criticism, but it is considered that they are fairly conservative. Aside from those patients receiving treatment at admission for hypertension, only those with long-lasting hypertension displayed by cardiac hypertrophy either on EKG or at autopsy were considered hypertensive. Thus, the prevalence of arterial hypertension in the present study (24.6%) is most certainly underestimated. However, because the same criteria of hypertension were used regardless of whether the patients had one, two, or three aneurysms, the relative incidence of hypertension within these different groups seems valid.
Many EKG criteria have been proposed for the diagnosis of left ventricular hypertrophy. 1 However, a large number of them correlate poorly with postmortem findings of the heart. 1 In the present study the EKG criteria were used together with blood pressure measurements, and in 39 of 40 patients a positive EKG reading was accompanied by left ventricular hypertrophy at autopsy.
A strong relationship between the presence of hypertension and the multiplicity of aneurysms prevailed when the three criteria of arterial hypertension were used, both together and singly. Thus, the definitions of hypertension seem to be both complementary and concordant.
The significant relationship that was demonstrated between the presence of arterial hypertension and the multiplicity of aneurysms is in accordance with the study of Kwak, eta/. 21 In their retrospective study, patients with blood pressure exceeding either 150 mm Hg systolic or 90 mm Hg diastolic were regarded as hypertensive. They stated that the incidence of hypertension was higher in cerebral aneurysm cases than in the general Japanese population in most decades of age and in both sexes. Additionally, they found that the incidence of hypertension was significantly higher in cases of multiple aneurysms than in cases of a single aneurysm.
In the study of Andrews and Spiegel 3 comprising 212 patients, increasing age, higher systolic pressure, and higher diastolic pressure significantly correlated with an increasing number of aneurysms in females. Since blood pressure increases with age, 16'32'35'36 this could give the impression that multiplicity of aneurysms may be an effect of age as much as of increased blood pressure. In the present study, however, contingency tables and logistic-regression analysis both failed to demonstrate any significant interrelationship between patients' age and the number of aneurysms. Accordingly, the mean age of the patients with multiple aneurysms does not differ from that of patients harboring only a single aneurysm, a finding in agreement with other studies. 17.24.27 Thus, multiplicity of aneurysms seems not be an effect of age.
Why aneurysms are more common in women than in men remains unknown. In a previous report 3 and in our present study, the preponderance of females increased with increasing numbers of aneurysms. By logistic-regression analysis, it was demonstrated that females were significantly more susceptible to multiple aneurysm formation, even in cases without arterial hypertension. When the marked female predominance in single-aneurysm cases is also considered, the correlation between the female sex and multiple aneurysms is even more notable, and indicates an increased susceptibility to aneurysm formation in females. In a planned autopsy study 7 comprising 2786 consecutive necropsies, 137 patients (4.9%) harbored at least one saccular aneurysm. The actual incidence of aneurysms was 3.5% in males and 7.2% in females. It should be noted that no significant difference between the sexes in the proportion of ruptured and unruptured aneurysms was demonstrated, suggesting the sex difference to be real and not due to an increased risk of aneurysm rupture in females. The preponderance of males with aneurysms demonstrated in childhood and adolescence 2"18'25'29"3~ and also in the third decade of life 24' 31 emphasizes that the underlying mechanism of the relationship of patients' sex to the pathogenesis of cerebral aneurysms is rather obscure. A relationship to hormonal influences has been suggested. 38 Intracranial saccular aneurysms very similar to human aneurysms can be produced in adult rats of the Sprague-Dawley strainJ 5 The minimal requirement is experimental hypertension (bilateral renal infarction) together with ligation of the carotid artery. An increase in systolic blood pressure caused by the administration of a 1% NaCI solution in drinking water resulted in a significantly increased incidence of aneurysms.~5 Thus, experimental findings and the present clinical data indicate that arterial hypertension has an effect on the origin of intracranial saccular aneurysms. However, the fact that arterial hypertension is not always a prerequisite in aneurysm cases, and the very high prevalence of hypertension in patients with intracerebral hematomas not associated with aneurysms on the major cerebral arteries, TM19'2~ clearly indicate that other factors are also essential in aneurysm formation. Recently, it has been reported that many aneurysm patients may possibly be affected by deficient type III collagen. 28 In rats, fragility of the arterial walls induced by feeding/%aminopro-prionitrile, which interferes with the cross-linking of collagen and elastin, significantly increases the presence of the experimentally induced aneurysms.~5
APPENDIX
The grouping of variables and the observations used in the contingency-table analysis are given in the chart below. This shows the distribution of 737 patients according to: 1) the number ofaneurysms, 2) the patient's sex, 3) the patient's age, and 4) the presence or absence of arterial hypertension. In order to have a reliable statistical test, the factor of age is grouped into four categories (instead of five, as in Tables 2, 4 
